Calcium and catecholamine interactions with adrenal chromogranins. Comparison of driving forces in binding and aggregation.
The soluble core of catecholamine storage vesicles in the adrenal medulla contains high concentrations of the cations calcium (20 mM) and catecholamine (600 mM). Do these cations interact with the abundant vesicle core anionic proteins, the chromogranins? We investigated the binding of calcium and norepinephrine (NE) to bovine adrenal chromogranins by equilibrium dialysis. Both calcium and NE were bound saturably by chromogranins, with low affinity (Kd values of 1.3 x 10(-4) M and 2.1 x 10(-3) M), but high capacity (17 and 32 mol of ligand/mol of chromogranin A). Both ligands bound maximally at a pH greater than 5.5 and were displaced by competing cations in a pattern (trivalent greater than divalent greater than monovalent) consistent with electrostatic components to the interactions. Binding of calcium and NE was not impaired by prior heat denaturation of the chromogranins, and chromogranin A was involved in both binding reactions. Calcium but not NE binding was enhanced by nonpolar solvents. Temperature dependence studies indicated that calcium binding to chromogranins was largely entropy-driven, while NE binding was driven by a significantly negative (favorable) change in enthalpy (5760 cal/mol), even in the face of an unfavorable entropy. Exposure of chromogranins to calcium or NE resulted in precipitation (aggregation) as analyzed by centrifugation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis. NE was a more effective chromogranin precipitant than calcium, and in combination, the NE effect was antagonized by calcium. Precipitation of chromogranins by both calcium and NE was inhibited by NaCl at ionic strengths comparable with those of the ligands. These data suggest that chromogranins bind and are precipitated by calcium and NE at affinities compatible with their in situ concentrations, but that the interactions exhibit different thermodynamic driving forces. Furthermore, NE may trigger an enthalpy-driven conformational change in chromogranins, resulting in aggregation.